Is variation in empirical mortality across populations consistent with a hypothesis of selection? To examine this proposition an extended frailty mortality model is put forward; incorporating biological frailty; a common non-parametric hazard, joint for men and women, representing endogenous mortality in terms of degenerative aging (senescence); and environmental influence on survivorship. As the model is fitted to empirical cohort mortality exhibiting extreme variation, biological aging is identified up to a multiplicative factor. Mortality of elected cohorts born in Sweden, Denmark, and Iceland during the past 250 years and in Japan any ten years between 1950 and 1990 is approached appropriately by the model. Reduced natural selection may account for a substantial part of the empirical mortality change in the course of the demographic transition. Survivorship in the late nineteenth and the twentieth century ties selection to major medical advances and rapid recent mortality decline, probably with consequences for future health and survivorship.
Introduction
Genetic heritage instigate selection in survivorship. Is heterogeneity in empirical mortality over the past three centuries consistent with a hypothesis of selection? Modern highlights in the history of demographic and statistical modeling of heterogeneity in human survivorship include contributions of Gompertz (1825) , Makeham (1860) , Cox (1972) , and Vaupel et al. (1979) . The Makeham law extends the Gompertz function by introducing an additive death risk which is independent of age. The Gompertz part of the Gompertz-Makeham law describes mortality as an exponential function of age. The Cox model broadens this view by introducing a shared unspecified baseline intensity depending on time or age; multiplicatively related to an exponential function admitting multivariate personal characteristics which may be fixed or vary over time.
An extension of multiplicative hazard modeling of the role of genetic heritage is due to Vaupel et al. (1979) , who depict mortality as a multiplicative function of congenital biological frailty at the level of individuals and a joint baseline hazard depending on age. Several important questions are left open. For example, how do environmental factors during gestation influence the frailty distribution of live births in a cohort? Moreover, Vaupel et al. (1979) neither consider choice or interpretation of their baseline mortality, nor do they reflect on environmental interaction with human survivorship after birth.
In weighty empirical work Bourgeois-Pichat (1946 , 1951 Second, in populations with general access to steadily improved medical technology the endogenous element has emerged as the principal determinant of infant mortality. In old firstworld countries this development dates back to the great medical advances by distinguished researchers such as Pasteur, Koch, and Lister in the late nineteenth century followed by Fleming and Salk in the early and mid-twentieth century. Like earlier statisticians and demographers, Bourgeois-Pichat ignored natural selection.
Un-modeled heterogeneity is a frequent source of error in prediction and forecasting of population change. Assessment of future mortality by mere extrapolation of time series of expected length of life based on cross-sectional data is risky. At a mortality crisis life expectancies may be lower than 20 years; for example from 1784 to 1786 succeeding extreme earthquakes and volcanism in Iceland around 1783 (Stephensen 1785; Thorarinsson 1968) .
Life expectancies may also prove deceptive during structural change and long term decrease of period mortality associated with the demographic transition. Cross-sectional Japanese survivorship in the late twentieth and early twenty-first century ties selection to rapid recent mortality decline and major medical advances.
With Bourgeois-Pichat's distinction between basic biological and environmental factors in infant mortality as a point of departure, I shall consider latent heterogeneity and selection in cohort-based mortality to explain human survivorship through the entire life course. Following Vaupel et al. (1979) the biological component is modeled as a personal congenital frailty and an age-dependent baseline hazard. I use aging and senescence as synonyms. Masoro I shall use this model to comment upon empirical mortality change over the past three centuries in modern industrialized societies. Does empirical cohort-based population mortality on reliable statistical record support the hypothesis of selection which is unobservable across persons and in the population? Is there a built-in general death factor? Or would we achieve immortality be if all diseases were defeated (Rubin 2007) ? Can an age-dependent biological baseline be identified which is independent of sex and birth cohort? What is the environmental influence on human survivorship with selection? How will the likely future pace of biological and technological change affect human survivorship?
The countries chosen for application of the model must possess long historical time series or well-documented rapid recent mortality decline. Furthermore, to avoid confusing external mortality with selection as distinct from external mortality without selection, the countries must have suffered very few or no casualties as a direct consequence of major catastrophes on own ground from birth to extinction or right-truncation of the cohorts. Subject to these restraints I consider male and female cohorts born in Iceland (1767), Sweden (1751 Sweden ( , 1801 Sweden ( , 1851 Sweden ( , 1901 Sweden ( , 1944 , Denmark (1835 Denmark ( , 1901 Denmark ( , 1944 , and in Japan any ten years between 1950 and 1990. Cohorts born in the nineteenth century are observed up to 2005.
After presenting the frailty model, I apply it to mortality of the elected birth cohorts. I show that it is possible to fit the extended frailty model to empirical mortality of the elected male and female cohorts using the same baseline hazard and the same trend for men and women. The main difficulty lies in identifying a suitable trend in epochs with rapid mortality change and affecting specific age classes in twentieth century Sweden and Denmark, notably in the wake of the Spanish Flu in 1918, and after the Second World War up through the early 1950s.
Model
In stochastic survivorship models, selection and heterogeneity is commonly introduced either as a covariate vector depicting individual congenital frailty (weakness) or as sojourns in specific states under exposure to forces of transition. Yashin et al. (2001) point out that hidden difference in the survival chances of individuals in a population may greatly influence the shape of mortality. To study heterogeneity and selection of survivorship I propose the mortality model.
The hazard refers to biological mortality; functions Congenital frailty remains unknown. Reproductive health varies across individuals and populations (Leridon 1977) . As a function of biological frailty, the frailty distribution of live births in a cohort is select by environmental factors during gestation. In absence of information on survivorship during gestation I follow Vaupel et al. (1979) and assume Z to be a gamma distributed random variate. The gamma distribution is a simple and flexible tool to introducing heterogeneity in survivorship. The distribution has three parameters namely α The factor ( ) t ε is the trend of exogenous mortality with selection and hence an integral component of mortality; the magnitude of ( ) t ε has shifted over time. Bourgeois-Pichat (1952 , 1978 emphasized the importance of exogenous causes of death such as infectious diseases. In traditional societies environmental factors would instigate selection from an early age. Conversely, in developed societies with modern health prophylaxis and general public access to medical treatment, environmentally induced selection has been stalled to a high degree: The prospect that a frail person would live on to mature or old age is greater among current generations than among cohorts born two or three centuries ago. Reducing the trend factor ( ) t ε defers selection to ages with higher biological mortality. However, individuals live also to extreme ages even in traditional societies. This is accommodated by the probabilistic nature of the model. 
Evaluating selection in human survivorship with the extended frailty model
Caused by latent individual frailty and environmental change, how far can selection explain variation in empirical mortality? We minimize the deviation of the model-based cohort mortality from the estimated empirical cohort mortality
The model-based cohort mortality I focus on populations with long historical time series where it is safe to expect that extrinsic mortality ( ) t δ with no effect on selection has played a negligible role fo ries. Once the r centu baseline has been established evaluating cohort survivorship for values of ( ) t δ greater than nil is straightforward.
Data
To evaluate the capability of the model to approach empirical mortality, I fit Eq. (1) Sweden and Denmark 1901, 1944; Japan 1950 Japan , 1960 Japan , 1970 Japan , 1980 Japan , and 1990 Figure 2 underscores that chances of survival were very different over the elected births cohorts. Men have higher mortality than women. The elected cohorts may naturally be regrouped into three: those born up to 1801, those born in course of the nineteenth century, and those born after 1901. The difference between any pair of graphs indicates proportionality because of the logarithmic scale for mortality.
As a member of the group of cohorts born before the modern long term decline of mortality, the Icelandic 1767 cohort (Figure 3) shows extreme mortality beyond human control. In the latter half of the eighteenth century Swedish mortality was much lower than mortality in Iceland. Up to the late nineteenth century, health and living conditions in Iceland may best be described as a wintering medieval regime.
The mortality of the Swedish and Danish cohorts born in the first half of the nineteenth century ( Figure 2) is transitory in the sense that the cohorts spent their childhood and teenyears in epochs with relatively high mortality; however, they lived to reap the benefits of innovation and accelerating medical and other life-preserving technological advances later in the century. The cohorts born in the latter half of the nineteenth century and beyond came of age in an era with increasing human control of exogenous mortality with selection. The difference of Swedish and Danish cohort mortality is surprisingly small before 1970. Japanese mortality of the cohorts born any ten years between 1950 and 1990 is low and exhibits substantial decrease in the latter half of the twentieth century.
Results
After numerous stochastic micro simulations using the empirical population mortality of the elected birth cohorts (Figure 2 ( , 1 m x z = )
The age pattern of the baseline hazard is the focus of interest. It is defined as follows. 
The crude and the normalized baseline hazards are proportional on the metric scale; the nonnegative factor υ of proportionality being independent of age.
A summary of results on fitting Eq. (1) to the empirical mortality of the elected cohorts is shown in Tables 1-2. An intermediate estimate ( (Table 2 , column 6) rests on 10,000 micro-simulated lifetimes.
Fitting the model to empirical mortality of the Icelandic 1767 cohort involves special efforts due to data deficiencies before 1783. Hence the empirical mortality is left-truncated by age 16. As the empirical birth cohort is much smaller than the simulated birth cohort, empirical risk time is smaller than simulated time-at-risk. Hence the age profile of empirical mortality is more rugged than the age pattern of simulated mortality. As already indicated by Table   2 , fitting the model to empirical mortality is actually quite successful (Figure 3 ).
The predicted infant mortality is very high. This is in keeping with empirical infant mortality in Iceland between 1838 and on 1860 on reliable statistical record. Furthermore, the model predicts extreme selection among infants and young children. This interpretation applies on a general basis up to at least 1870. The model appropriately anticipates extreme selection Figure 3 Fit of Eq. (1) to empirical mortality of the Icelandic female cohort born in 1767 and congenital frailty by predicted age at death associated with acute mortality in the train of the environmental disaster in 1783. As the birth cohort gets pruned of lives with high congenital frailty, mortality becomes less heterogeneous ( Figure 3) . By Eq. (1) deceleration of mortality at advanced ages is a natural consequence of selection.
The capacity of Eq. (1) to describe empirical mortality of the other elected birth cohorts, using the shared baseline, is also quite successful (Table 2) And last but not least, infectious diseases could now be combated more efficiently as penicillin and other medical advances became available to the public after the war. The small deviations of fitted from observed cohort mortality during the Spanish Flue in 1918 and in the train of World War II are discernible on the logarithmic but hardly on the metric scale.
As indicated by Figure 7 . Low values of ( ) . A mortality decline of such intensity may have had very significant influence on heterogeneity and selection of current Japanese survivorship (Table 2) . Fitting Eq.
(1) with the shared non-parametric baseline hazard to elected Japanese cohorts born after the end of World War II emphasizes selection and survivorship in the younger ages. Comparing columns 2 and 7 of Table 2 shows that infant mortality is approached well by Eq. (1). Due to unavoidable confusing of ( )
) m x z = , and Z (Eq. (1)) with the data at hand, determination of baseline mortality in very young ages is not perfect. Identifying the baseline hazard beyond age 92 is not viable with the available data, either. Empirical mortality in ages past the early nineties is less reliable due to estimation error associated with smallness of the risk sets, defective observational plans, and many kinds of potential data error.
Under Eq. (1) the notion "congenital frailty" is a prime indicator of health. The extended frailty model predicts dramatic negative changes in the health composition in the mature and elderly ages, as persons with relative high frailties now may live to higher ages than seen earlier in history. This may be illustrated by plotting individual frailty against predicted personal life time of survivors belonging to two cohorts, each comprising 10,000 live births; using the gamma distributed congenital frailties i z (Table 1) 
Conclusion
A hypothesis that selection may be a major determinant of heterogeneity in human survivorship over the past two to three centuries is found to be consistent with empirical mortality of the elected cohorts. It is safe to expect that extrinsic mortality ( ) t δ with no effect on selection has played a negligible role for the survivor histories of these cohorts. This condition is essential to avoid confusing ( ) et al. 1996, 2003) . The base line hazard portrays a degenerative process accounting for endogenous or intrinsic mortality as a function of age; it gains momentum and tends to infinity from around age 90. Even though some people live to age 100, few centenarians to date survive to age 105 and less so to age 110. Hence, eradicating all diseases will not ensure immortality. Biological aging is rather to be seen as a natural process of the organism Gavrilova 2001, 2006) .
Contemporary technology and bio-medical scientific progress does not appear to have had any substantial influence on biological aging so far. What technological and other progress the future will bring remains to be seen. The current survivor consequences of continued progress in medical technology -however impressive -are likely to remain marginal for some time in countries like Iceland, Sweden, Denmark, and Japan.
